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. Introduction
The question what determines changes in stock prices has long intrigued economists. The suggested answers cover the range from the "animal spirits" of Keynes (1936, p. 161 ) to models of market efficiency and rational expectations, for example, in Fama (1970b) . A fundamental problem in testing rational expectation models is the well-known identification issue: If the implications of a particular model are not supported empirically, is it the fault of the assumptions of market efficiency and rational expectations, the fault of the particular model being tested, or both?
Another possibility is that the model has not been adequately tested either because additional assumptions required to conduct the tests are violated empirically or because the data used simply do not correspond to the theory. It is argued here that these problems are found in much of a recent literature that has led to a resurgence in stated opposition to the belief that stock prices represent a rational valuation of future cash flows. Tobin (1984, where r is an assumed constant discount rate, dt is dividends in time t, and {X I (} denotes the conditional distribution of the random variable X given the information P. The "perfect-foresight price" p*2 is defined as 00 P*_ dt+, 
which forms the basis for the variance bound varept) -Cvar(P{*) f4t ' Grossman and Shiller (1981) and Shiller (1981a Shiller ( , 1981b Shiller ( , 1981c ) work with this model, while LeRoy and Porter (1981) use the earnings stream approach.
2 See Shiller (1981c, p. 292). The term "perfect-foresight price" is unfortunate since 4p* as defined in (2) will not necessarily be the price that would prevail under certainty. See Sec. IV below for futher comment.
The logic behind the bound is the simple and general notion that the variance of the conditional mean of a distribution is less than that of the distribution itself. Since the price p, is a forecast of pl, the variance of the forecast p, should be less than that of the variable being forecast. subject to a condition that equates the terminal p* to the terminal price PT. It seems obvious from figure 1 that the bound in (4) is grossly violated, with the consequent implication that prices cannot be set by the model (1). Since (1) implies that changes in price are driven by changes in expectations of future cash flows, it seems reasonable to infer that something else must be causing the large variation in prices. Tobin relies on speculation unrelated to fundamental values.
The data shown in figure 1 were used in Shiller (198 ib), but similar characteristics are apparent in other data as well. Consider figure 2, which also plots prices p, (the solid line) and corresponding p* series. The relevant characteristics are very similar to those in figure 1.
Poor's series in some detail and demonstrates empirically that the traditional process used to construct figure 2 is consistent with Standard and Poor's price series in figure 1.
The economic intuition behind the compatibility of plots such as figures 1 and 2 with the variance bound (4) is simple, once one sees it. The fundamental flaw in the current interpretation is that the inequality (4) is essentially a cross-sectional relation across different economies, but figures 1 and 2 give time-series plots for a single economy. The bound (4) is derived with respect to values of p* that differ from each other at date t because different realizations of future dividends have different present values at date t. These different realizations occur across the different economies or worlds that may possibly occur in the future, looking forward from date t. If future realizations of dividends are unexpectedly good, the realized value of p,* will be greater than what is expected at t, which by (3) is simply the current price pt. If the future is unexpectedly bad, pa is less than pt, Consider the possible values of p* and price that may occur at some particular date t. If the price pt predicts p*, the theory given by (4) states that there should be greater variation across all possible realizations of pa than in pt. The problem with using real data is that ex post we can observe only one of the ex ante possible economies, and so we cannot look across different values of pl, each corresponding to a different economy to see if the theory is correct. We can do this by simulation, however, and it is shown below that precisely the predicted relation across different possible economies holds for the process used to construct figure 2, which is a time-series plot of only one of the ex ante possible outcomes.
Given that we observe only one world in practice, it is important to examine what should be expected in plots of time series of price and p* for a single economy. First, note that we would not expect the series to look like each other if there is uncertainty at t about future dividends since the price p, will be the expected value of pa across possible economies and the ex post value of p* once the future is revealed will in general differ from its expected value at t. How much difference will exist between plots of pt and p, depends on the amount of information available when prices are set, and it is shown below that figures 1 and 2 are consistent with a reasonable assumption about information available when Standard and Poor's prices are set.
The second insight, which is crucial to an interpretation of plots such as figures 1 and 2, is that the dividend stream being forecast at dates t -1, t -2, . . . and t + 1, t + 2 . . . is essentially identical to the stream forecast at t, and hence the present value of the ex post realizations will be highly correlated. Consequently the time series of pa will be highly correlated, which translates into the smootht" time-series path given in figures I and 2.
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Of course, since pA depends on information about future dividends not known at t, it is not part of the information used to set pt or, indeed, any other price. At each date the best available information is used to set prices, and as information changes, the price will change. If, for example, the information P, comprises current and past dividends, any change in dividends at t will in general imply changes in all future dividends, and the price will change by the present value of the change in expected dividends. Empirically, changes in dividends tend to persist for a very long time, and so the implied revisions in price can be very large relative to the change in current dividends.
But since by construction p* is always calculated using all realized future dividends, there are no unexpected changes in dividends with implications for changes in p* as there are for prices. In fact, the ex post return from both dividends and capital gains will always exactly equal the discount rate r for the p* series, by the definition (2). Therefore, the possible change in consecutive values of pa is limited to the capital gain required to give the ex post return r, which is another way of stating why the time series p* can be much smoother than that of price. Consequently, one should expect time-series plots of pa and pt for a single economy to look like figures 1 and 2, even if across possible economies the variability of p* exceeds that of Pt.
These arguments are established more rigorously in Section 11, which demonstrates that plots such as figures 1 and 2 cannot be used to replace more formal tests of the inequality (4). Further, it is clear that, since (4) is derived by considering alternative possible economies, extra assumptions must be made to test (4) using time-series data for only one economy. Section III shows empirically that the traditional assumption in finance of nonstationary (random walk) prices is not rejected for Standard and Poor's series and that the gross violations of (4) currently reported in the literature are consistent with incorrect assumptions of stationarity in the time-series tests conducted. Section III also derives and tests inequalities similar to (4) that are implied by the (geometric random walk) time-series process for prices. It is shown that Standard and Poor's price and dividend data do not violate these bounds. Section IV contains a summary and concluding remarks.
II. Interpretation of Plots of Price and pa
The current interpretation of plots such as figures 1 and 2 is that they demonstrate that prices are not set by the valuation model (1). Although the literature is not always clear on the reasoning, there appear to be two related arguments based on these plots. The first, examined in Section IIA, relies on the undisputed smoothness of a time-series plot of pt relative to prices as evidence against (1). Section IIB discusses the second which attempts to infer the plausibility of the model from the degree of correspondence between the series p, and p*". T[he argument based on smoothness is clearly a less stringent test than that based on correspondence since two series may be drawn from similar stochastic processes and hence show similar time-series properties, yet not show correspondence between the observations. The conclusion reached here is that neither argument is valid.
A. Variance Bounds and "IShort-Term Variation"
The characteristic of the tine-series plots of price pt and pa that seems most at odds with the claim that var(p*) -var(p,) is the striking "smoothness" of p* compared with the price series. T he current interpretation in the literature is that this is evidence against the inequality. However, this interpretation is incorrect, and in fact the bound does not address the issue of how smooth one time series is compared with the other. The literature has incorrectly identified the variances used in the inequality (4) with smoothness or "'short-term variation' in time-series plots of price and p*.
Examples of this argument occur frequently in the variance bounds literature. For example Shiller (1981b, p. 421) states that "one is struck by the smoothness and stability of the ex post rational price series pa when compared with the actual price series." Grossman and Shiller (1981) , in one of the most influential papers using the argument, assume a constant relative risk aversion utility of consumption function,
and calculate (p. 223) the perfect-foresight stock price" pa with constant and nonconstant discount rates. Under the assumption that investors know the whole future path of consumption (p. 223), they calculate implied discount rates from (6) for different values of the risk aversion parameter and attempt to infer the parameter value that makes the observed stock price series consistent with market efficiency (p. 224). The risk neutrality case (A = 0) gives constant discount rates (assuming constant time preference), and pa appears much closer to the actual price series for A = 4 (nonconstant rates), at least for the period up to about 1950. Their results are reproduced here as figure 3.
Sone papers use the notation P* and P, as int Grossman and Shiller (1981) , while others use the lower-case notation p* and p, which is used throughout this paper. figure 3 ( 198 1 v p. 224) because of the smoothness of p* when discount rates are assumed constant: "Notice that with a constant discount factor, P* just grows with the trend in dividends; it shows virtually none of the short-term variation of actual stock prices. The larger A is, the bigger the variations of P* and A = 4 was shown here because for this A, P. and P* have movements of very similar magnitude" (emphasis added).
Grossman and Shiller select the risk aversion parameter A = 4 in
It has been shown in figure 2 that p* is much smoother than price even if the constant discount rate model (1) holds by construction. The primary cause of the confusion shown in the current literature is related to the construction of pt* using ex post information not avail-able when prices are set. The variance bound (4) is essentially a crosssectional restriction on the prices that would prevail across different economies at date t. Tests of the bound using time-series data for a single economy, which are found throughout the literature, require additional strong assumptions beyond those needed to derive (4), and care must be exercised to ensure that the "variances" discussed with respect to time-series data correspond to those in the variance inequality. This section first highlights the cross-sectional nature of the inequality then shows exactly how the argument in the literature fails.
Cross-sectional Variance Bounds
The equations used to derive the bound are (1)-(3) above. Equation To illustrate the distinctions, consider the following dividend process (which ignores irrelevant means for current purposes):
where -rt is independently and identically distributed (i.i.d.) (0, c2). Then we have the following proposition. 
Proof. Given the dividend process (9), the result follows directly from (10) conditioned on pt-k with simplification of the resulting infinite series. Q.E.D. This shows that the unconditional variances of Pt and p* are not defined for the random walk, so that strictly speaking the bound (4) involves undefined terms. However, the corresponding variances satisfy inequality (8).
Throughout this section, the interpretation of the variances has been in the cross-sectional sense of (unobserved) variances at t across different possible economies. To illustrate this notion, we now show 5See Kleidon (1986) Although figures 4 and 5 show clearly the notion underlying variance bounds tests, the luxury of observing different worlds that may unfold through time is limited to theory or simulation. In reality we observe only one world. I now consider the properties one should expect to find in time-series plots for one economy.
Resolution of the Apparent Paradox
The current consensus has interpreted "smoothness" or lack of "short-term variation" in p* relative to price as evidence against the Particularly interesting is the behavior of var{p*lp* k} relative to var{pIptk}, which determines the relative smoothness of the series. Both equal zero at k = 0, and for some value k (which increases in p) it must be the case that var{p*lp*Ik} > var{ptip,k} since we know that eventually the unconditional variances of p* and pt satisfy this inequality (assuming they exist). The key result, however, is that short-term variances show the opposite result, just as noted by Grossman and Shiller (1981) . Fork small, we see that var{ IP*i k} < var{pt Ipt k}, and this can hold for quite large k depending on the parameter p in the dividend process. conclude that prices cannot be given by (1) does not support their conclusion.
The intuition behind this result is straightforward. The series p* is constructed so that ex post the sum of dividend yield and capital gain always gives exactly the rate r by (2). Consequently, changes in p* will by construction give just the capital gain, which, together with the dividend d, ensures the total return r. Prices, however, can and frequently will show short-term changes of an order of magnitude larger than this since changes in current dividends in general imply changes in expected dividends for the infinite future. The price will change by the present value of these revisions in expected future dividends. Since by assumption the series p* is already calculated using the ex post infinite dividend series, changes in current dividends imply no new information and no unexpected changes in p*.
Given 
Analysis
Section IIA demonstrates that, even if cross-sectional variance bounds are satisfied, time-series plots of price and p* will frequently show the series pa as being much smoother than the price series if there is uncertainty about future dividends when prices are set. Consequently, it is not surprising that the series do not correspond to each other. What is crucial is how much information is available, which determines the degree of correspondence that should be expected. It is clear from the simulations in figures 2 and 5 that the amount of uncertainty about future cash flows implicit in the traditional geometric random walk is sufficient to imply the degree of divergence between p* and pt shown in Standard and Poor's series in figure 1. Shiller's (1984) argument that the stock price should not have declined as much as it did between 1929 and 1932 because dividends declined substantially only in the few worst years of the depression assumes that stockholders knew that the lower dividends they were seeing would not last far into the future. Grossman and Shiller (1981) are more explicit and add an assumption of certainty about future prices. This assumption is not part of the model ostensibly being tested. The original model, given as (1) above, writes price in terms of expected future dividends, in contrast to pl, which uses the ex post outcomes. In a world of certainty we would expect p* to correspond to the actual price series-if discount rates were estimated correctly and the price series were rational, they should be identical.
But of course the actual stock prices shown in figure 3 were not set in a world of omniscience. If Grossman and Shiller's p* series with nonconstant discount rates exactly corresponded to the actual price series, it would be misleading to claim that the series were consistent with economic theory "even under the assumption that future prices are known with certainty." Rather, there would be consistency with economic theory only under certainty since the price series will follow the ex post series exactly only if shareholders have perfect information about the future dividend series. If they do not-which is surely the state of things-then one should expect deviation between ex ante and ex post prices.
The question then is not whether the pt and p* series deviate, but rather how much they deviate. It is initially tempting to regard the p*, A = 4 series as preferable to the A = 0 series because it more closely resembles actual prices pt. But until we specify how much the p* series should deviate from the price series-that is, until we specify the amount of uncertainty in the market about future cash flows-we cannot decide which plot deviates by the correct amount. The issue is addressed by Shiller (1984 To see whether the degree of correspondence between p* and price in figure 1 is consistent with the valuation equation (1), we need a model that specifies the information available to the market about future cash flows. One possibility-favored by Grossman and Shiller-is to assume that shareholders have a large amount of information about future dividends. Then the only way prices could be rational is if discount rates vary greatly because of changes in aggregate consumption, which is their solution. Unfortunately, as discussed in more detail below, this solution fails when applied to other data.
An alternative explanation is much more consistent with the data. Using the (geometric) random walk for prices traditionally used in finance and assuming that the only information available at time t is the past history of dividends, we see in figures 2 and 5 that there is sufficient uncertainty about future cash flows to imply the large divergence between prices and p* seen in Standard and Poor's data in figures 1 and 3. The procedures used to construct figures 2 and 5 are conservative since discount rates are strictly constant by construction and no dividend smoothing is assumed. ' 10 Hence Marsh and Merton (1984a, p. 19) are incorrect in claiming that "[fig. 31 can be interpreted as implying that the p* series has 'too little' volatility to be consistent with a dividend process which is not smoothed."
C. Conclusion
This section has demonstrated that plots such as figures 1 and 3 cannot be regarded as inconsistent with the valuation model (1), although at first they appear to be convincing evidence against its validity. It is tempting to look at the p* series as the "true" price, which does not vary much through time, and the actual price as (correlated) deviations from the true price. Such an interpretation is incorrect because the price at t can only be assessed relative to the information PD,. Thus in figure 2 the actual price series is by construction the conditional expectation of p* given Dt, and by construction the prediction error kt in (7) (i.e., the difference between this conditional expectation and the ex post outcome for p*) is uncorrelated with pt or with past prices, which are also in (D,. What is potentially misleading from figure 2 is that successive prediction errors are highly correlated with each other, which appears to contradict the previous statement. Again, however, the problem lies in the information that is implicitly being used for conditioning. Previous forecast errors k,-k are not in the information set at t since previous p*-k that depend on the ex post outcomes for future dividends are unknown at t. Clearly the errors will be correlated since almost the same future set of dividends are being forecast at, say, t and t + 1. 1 As seen in figures 4 and 5, the errors across economies at time t are indeed unrelated to prices at t.
Despite the potential for confusion in plots such as figure 3, they have been heavily relied on in the literature and have even been treated as stronger evidence against (1) than formal tests of the bound (4). Shiller (1981a, pp. 4, 7; claims that figure 3 alone is sufficient to show that stock prices are inconsistent with the valuation model (1), as does Tirole (1985) . This is simply incorrect. However (as Shiller [198 la] points out), the more formal tests of (4) based on timeseries data for a single economy are also problematic, and I now turn to them.
III. Time-Series Tests of Variance Bounds
The assumption typically made to test the bound (4) using time-series data is that the relevant variables (namely, dividends and prices for the dividend discount model being discussed here) follow stationary and ergodic processes. If this is true, then the sample moments are consistent estimators for the moments of the unobservable distribu- Fuller (1976, p. 230) . Just how long is "sufficient" in this context, even assuming stationarity and ergodicity, is investigated in detail in Kleidon (1983, chap. 5; 1986 The second problem, that of dividend smoothing, has important implications for all research that attempts to infer the properties of an infinite stream of future dividends from some finite ex post set of dividends that are under some control of management. Empirical evidence suggests that management takes care to create a smooth short-run dividend series that may not reflect one for one the fortunes of the firm as determined primarily by its earnings and investment opportunities.15 Ceteris paribus, the less variable the dividend stream, the more variable will be the price series that comprises the present value of future dividends. For example, a firm seeking to finance expansion internally may withhold all dividends over some finite period, with an implicit promise of some future (perhaps liquidating) dividend. 16 If dividends are smoothed, the time series may be covariance nonstationary and violate the assumption of ergodicity necessary to allow estimation of valid cross-sectional variance bounds with time-series data. To illustrate, suppose that at t there exists a firm that has future cash flows per share D composed of earnings (paid out fully as dividends) at only one period, say T, and suppose for convenience that the discount rate r = 0.17 This implies that the conditional distribution {p* IP} is just the conditional distribution {0DJt,}. Clearly the bound (4) holds at t assuming that the relevant variances are defined.
'4 Since LeRoy and Porter attempt to correct for nonstationarity, the results in this section based on original data apply to their work only to the extent that nonstationarity remains.
'5 See, eg., Lintner (1956) and Fama and Babiak (1968) . This does not deny that dividends may contain some information, as in the signaling hypotheses of Ross (1977) and Bhattacharya (1980) . 16 Note that Marsh and Merton's (1984a) definition of dividend smoothing does not deal with this case since it does not allow firms to pay zero dividends in any period when the price is positive (see their eq. 71, pa 13). 17 Paul Pfleiderer suggested this example, say for the case of a firm drilling for oil. However, the ex post time series pi, calculated from the recursion (5) and based on the terminal payment, will be a constant with zero sample variance. The price series will show positive variance if information about the terminal payment becomes available through time so that the bound (4) will appear violated if estimated by sample variances.
The problem is more severe for inequalities that, unlike (4) or (8), are invalid if an assumption of ergodicity of dividends is violated. The variance inequality that has received most attention in the literature is (4), but others exist. Some, such as LeRoy and Porter's bound (1981, p. 560) on the coefficient of dispersion (i.e., the ratio of the standard deviation to the mean), are similar to (4) in that they rely on stationarity and ergodicity assumptions for testing, but not for the intrinsic validity of the bound. Others such as in Shiller (1981c) The issue of dividend smoothing can have striking implications for some more recent tests that attempt to overcome criticisms of early variance bounds tests. For example, West (1984) derives and tests the inequality that the variance of changes through time in the present value of expected dividends will be greater when the information set comprises current and past dividends than when it comprises a larger set. Although he regards the necessary assumption that dividends 18 See Shiller (198 1c, p. 297). He continues: "Of course, we do not expect the data to violate all inequalities even if the model is wrong" and notes that, although this inequality is not violated for first differences of the data, the relevant bound is violated when the data are difference using an interval of 10 years (i.e., x, -x, io) Section ILIB discusses this claim in the context of comparable results based on conditional variances. follow an autoregressive integrated moving average (ARIMA) process as 'relatively mild" (p. 3), this can be violated if dividend smoothing implies changes in a future residual dividend that do not show up in the currently observed dividend series. In the extreme, if the finite and observed dividend series were constant, the use of only this stream to predict future dividends would imply constant future dividends, and so the present value would be constant through time and the innovation zero. In West's terminology, this would appear to be evidence that 100 percent of price changes could be attributed to speculative bubbles-in fact, the violation of the assumption of an ARIMA process for dividends simply means that the theoretical inequality is invalid.'9
Although the issue of dividend smoothing is potentially very important in interpreting the results from any particular test, the remainder of this section assumes nonsmoothed dividends as in figures 2 and 5 to highlight the implications of nonstationarity, which is most crucial in the current context. First, Section IIIA discusses the nonstationary price model used in figure 2, derives consistent dividend and earnings models, and shows that the current gross violations of the bound (4) are not surprising if prices follow this process with parameters corresponding to Standard and Poor's price data. Section IIIB derives conditional variance inequalities that are valid for the nonstationary price process and demonstrates that Standard and Poor's series do not violate these bounds. Section IIIC completes the argument by showing empirically that the assumed process is consistent with Standard and Poor's data.
A. Nonstationay Prices and Tests of Unconditional Variances
Stationarity of stock prices is vital to the validity of much of the variance bounds literature. The cited tradition in finance for treating stock prices as nonstationary random walks goes back to at least 1934 when it was recognized "that stock prices resemble cumulations of purely random changes" ( Foster (1978) . 21 They note the implications of nonstationarity for variance bounds tests (pp. 142, 143), as do Black (1980) and . See also Kling (1982) . particular set of observations may be unrepresentative of the total expected dividend stream. In principle, the same phenomenon could occur in the earnings stream (net cash flow) approach since the pattern of net cash flows does not necessarily correspond to changes in the present value of expected future net cash flows through time. Further, we do not observe the requisite economicc earnings" but accounting earnings. One cannot infer that a rational price series must be generated by a particular stochastic process just because dividends or earnings follow the process in a finite set of observations, or vice versa. However, one can infer a (nonunique) process for dividends or earnings that is compatible with the observed price series and see if the process is confirmed in dividend/earnings data.
This section assumes that prices follow the geometric random walk (26), defines consistent dividend and earnings processes, and discusses the underlying economic models. We have seen from proposition 4 above that one dividend process consistent with the price process (26) Note that, although consistent processes for price and dividends were derived in terms of an unspecified empirical growth rate g. the earnings and investment model defines this rate in terms of fundamental variables, g = br.
Tests of Unconditional Variances:
Simulation Results In short, the results of table 2 show that the gross violations of the bound (4) are not surprising if test procedures that assumed the existence of population unconditional variances were incorrectly applied 24 As Joerding (1984) points out, the discount rate can in principle affect the frequency of violation. Further, table 2 shows that the discount rates examined here do affect the average amount by which the bound is violated. Again, note that this sampling distribution is generated under the assumption of no dividend smoothing and, consequently, is conservative if dividends are smoothed. Even if smoothing is ignored, however, these tests show that Standard and Poor's price and dividend 26 The use of a sample p* that is constructed subject to a terminal condition such as PT -pa* implies that the conditional variances are equal at T, but the estimation in this section does not explicitly account for this time dependence. However, the sampling distribution constructed by Monte Carlo simulation implicitly accounts for this since the same procedures are carried out there as for Standard and Poor's data.
I now demonstrate that gross violations of bounds
27The sensitivity of results to the use of sample growth rates was checked in the simulations by repeating the analysis using the true (known) growth rate, and the results were essentially unchanged. 
The statistics are similar to those for (33) and are denoted n(p -1) and T' for the model (34) (Fuller 1976 , pp. 371, 373).
Stock Prices
The primary price data used here are Standard and Poor's annual composite stock price index for 1926-79 and quarterly composite 28 Other procedures for testing for the existence of more than one unit root are discussed in Hasza and Fuller (1979) 31 That is, the series is constructed by averaging sets of observations from a random walk with a smaller observation interval than the resulting series. Working (1960) demonstrates that, as the number of shorter interval observations averaged to produce the resultant time-aggregated series becomes large, the first-order serial correlation in the latter series approaches .25. S For the annual data, r1 is virtually zero, while the quarterly series shows r1 = 0.14 with a standard error of .09. The autocorrelation in the nominal series may reflect price level changes rather than temporal aggregation.
Section C in table 4 shows that not only do the stock price series match the constructed random walk data, but OLS regression of stock prices on time is very poorly specified. For series 19 (In P,/GNP,, annual data), the Durbin-Watson statistic is only 0.387 reflecting the very high autocorrelation in the residuals. Nelson and Kang (1981) show that this is to be expected if a random walk is inappropriately regressed on time, and the results are consistent with those of Nelson and Plosser (1982) . Table 5 In short, tables 4 and 5 show that the random walk models (25) and (26) cannot be rejected for Standard and Poor's price series.
Earnings and Dividends
We examine whether the nonstationarity of dividends and earnings implied by (17) and (29) The earnings results produce an interesting question in interpretation and are similar to results for a dividend series that Shiller (198 Ic) relies on to conclude that dividends are stationary. When lookingjust at the simple earnings autoregression without time, the random walk model fits well. When time is included, although there is virtually no increase in R2, the coefficient on time appears significantly different from zero and the coefficient on lagged earnings seems significantly less than one. On balance, the simple autoregression seems preferable. First, it is consistent with the results of other studies of earnings per share, including those based on individual securities.35 Second, it is consistent with the price process established above and economically seems more reasonable than (34).
The evidence relied on in Shiller (1981c Shiller ( , 1983 price changes is very misleading since by construction p* will not correspond to p, and will be much smoother than p, if prices are set by (1) and the future is not known with certainty. Further, it is shown empirically that one cannot reject the hypothesis that prices are nonstationary and that the "gross violations" of the bound (4) that have been reported in the literature are consistent with incorrect application of estimation techniques that assume stationarity to nonstationary series. The conditional variance bounds (8) derived and tested here are valid if prices are nonstationary and are not violated for Standard and Poor's price and dividend series.
The implications of these results can best be seen with reference to the conclusions drawn in the literature from plots of price and p* and the apparent violations of the inequality (4). Early conclusions were that stock prices cannot be reconciled with rational valuation models, as in Shiller (1981b, p. 422). Although Shiller (1981b Shiller ( , 1981c recognizes that discount rates need not be constant, he argues that there is so little variation in the cash flow variables in such valuation models that discount rate movements must be very large if prices are rational. Moreover, he regards this possibility as at least counter to generally held views and states (1981a, p. 1) that "most people feel that stock price changes are due primarily to changing expectations about future dividends rather than changing rates of discount."
Attempts have been made to explain stock price movements in terms of nonconstant discount rates. The most influential work is that of Grossman and Shiller (198 1),37 whose primary claim, as noted by Shiller (1981a, p. 2), is that "most of the variability of stock prices might be attributed to information about consumption," which causes changes in discount rates. However, subsequent work has not been successful in extending their results. Hansen and Singleton (1983), for example, are able to explain only a small portion of the variability of stock prices in terms of nonconstant discount rates. Shiller (198 la) notes that, if price changes are driven by changes in expectations about aggregate consumption, then changes across assets should show a degree of contemporaneous correlation that is absent for the assets he examines. In general, even within the same industry and with very clean stock price data, there are wide cross-sectional differences in returns for any given period that seem difficult to reconcile purely in terms of changes in expectations of aggregate consumption.
Given the discouraging evidence on the ability of changes in expectations about consumption to explain changes in asset prices, Shiller (198 la, p. 40) suggests that it might be possible to develop a "psychological model of asset prices" that preserves large discount rate movements, although he argues that it seems equally plausible that there are "temporary fads or speculative bubbles." He concludes: "If... the reader goes back to a rational expectations model in which information about potential dividend movements, rather than discount rate movements, causes stock prices to move, then since actual aggregate dividend movements of such magnitude have never been observed, what is the source of information about such potential movements? Can we be satisfied with a model which attributes stock price movements and their business cycle correlation to public rational expectations about movements in a variable which has, in effect, never yet been observed to move?" This paper demonstrates a plausible solution to the apparent puzzle: The assertion that price changes cannot be attributed to changes in expectations of future cash flows, based on plots such as figure 3 and the results of tests of the bound (4), has simply not been established. Recall that figure 2 displays similar characteristics to Standard and Poor's data in figure 3, yet by construction prices in figure 2 are set by the valuation model (1). Further, Kleidon (1983, chap. 6) shows that a large part of observed price changes can be associated with changes in expectations of future cash flows, using simple models and a few information variables.
Nevertheless, the question whether or not discount rates are constant as in (1) is a different issue. The variance bounds methodology may not be very powerful in detecting departures from constancy, as shown in Stock (1982) . Further, even if the constant rate model performs relatively well empirically, there are still important theoretical questions about the conditions under which (1) will hold exactly. Although (1) does not require risk neutrality, the derivation of temporally constant expected rates of return for discounting expected cash flows-'risk-adjusted" discount rates-requires restrictive conditions in models of expected return that allow for risk aversion, such as the capital asset pricing model (CAPM) of Sharpe (1964) and Lintner (1965) or more general models. 38 One implication is that the construct pa will not in general be the 38 Although LeRoy (1973) demonstrates that discount rates are not necessarily constant with risk aversion, he does not show the converse. See Fama (1970a) and Constantinides (1980) for sufficient conditions for a constant discount rate (across time for a given security) with risk aversion, in the context of the CAPM. Note also that financial economists typically do not reserve the term "expected present value" model for (1) with constant discount rates but include the use of nonconstant risk-adjusted rates. More general models of asset pricing include Merton (1973) , Rubinstein (1976) , Lucas (1978) , Breeden (1979) , Brock (1982) , and Grossman and Shiller (1982) . price that would prevail if investors had perfect foresight, and so the term "perfect-foresight" price is unfortunate. If investors were risk neutral, the rate r used to discount the uncertain flows in (1) would be the same as that used to discount the certain flows in (2), but in general the appropriate expected rates of return will be different. However, the analysis in this paper does not depend on whether p* is truly the price that would prevail under perfect foresight or whether the definition (2) just gives the present value of the ex post dividends discounted at the (possibly risk-adjusted) rate r from (1).
The major impact of the variance bounds literature has been to suggest that virtually no stock price changes are related to changes in expectations of future cash flows and further that prices may be irrational. This impact has been widespread; for example, Arrow (1983) discusses the volatility of securities markets as compatible with "irrational judgements about uncertainty" (p. 13) and states (p. 12) that "[a] very rigorous analysis for the bond and stock markets (Shiller, 1979 (Shiller, , 1981 ) has shown the incompatibility of observed behavior with rational expectations models, at least in a simple form." At least one published paper explicitly presumes excess volatility in stock prices. Pakes (1985, The results of this paper suggest that such modifications to our theories are, at best, premature.
